Sleep is widely believed to play an essential role in synaptic plasticity. However, the precise mechanisms governing this presumptive function are largely unknown. There is also evidence for independent circadian oscillations in synaptic strength and morphology. Therefore, synaptic changes observed after sleep reflect interactions between state-dependent (e.g., wake versus sleep) and state-independent (circadian) processes. In this review we consider how sleep and biological clocks influence synaptic plasticity. We discuss these findings in the context of current plasticity-based theories of sleep function and propose a new model that integrates circadian and brain-state influences on synaptic plasticity.
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Investigating the role of sleep in synaptic plasticity
Sleep is widely found in the animal kingdom yet its core functions are unknown. A popular and perennial idea is that sleep plays an essential role in synaptic plasticity. Synaptic plasticity is defined as changes in the strength of existing synapses (synaptic efficacy), changes in synapse number or size, or changes in morphological structures that contain synapses (e.g., dendritic spines). These latter two processes are often referred to as 'structural plasticity' and involve the formation and growth of synapses, presynaptic boutons, and dendritic spines or the elimination of pre-existing ones [1,2] (Box 1).
The idea that sleep promotes synaptic plasticity is supported by many findings. For example, sleep promotes learning and memory and is accompanied by electrophysiological and molecular changes consistent with synaptic remodeling [3] [4] [5] . These findings have spawned numerous theories regarding sleep function (Box 2). There remain, however, several unresolved issues. Sleep does not appear to have a single effect on synapses (Table 1) . Rather, as is true for the waking brain, diverse forms of plasticity accompany the sleeping brain. There is also evidence that circadian processes that coincide with sleep, but are not themselves sleep dependent, influence the strength or number of synapses (Table 2 ) [6] .
In this review we consider how sleep and circadian rhythms influence synaptic plasticity. We begin by summarizing key findings that demonstrate that the effects of sleep vary depending on several factors. These include developmental age, the type of waking experience (or stimulation protocols) that precede sleep, the type of synapse under examination, and the presence or absence of strong circadian rhythms (Figure 1) . We then present evidence that circadian rhythms also influence synaptic plasticity independently from sleep. We conclude by discussing the implications of these findings in light of recent theories of sleep function and present a theoretical model that integrates the effects of sleep and circadian rhythms on synaptic plasticity. According to this model ('StateClock') many synaptic changes ascribed to sleep and wakefulness are in fact driven by circadian oscillators (Figure 2 ).
Changes in synaptic efficacy across the sleep-wake cycle Sleep-wake (i.e., vigilance state) differences in synaptic efficacy have been measured directly via electrophysiological
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Glossary
Constant conditions: a means of identifying endogenous biological rhythms. Diurnal-nocturnal rhythms can occur under normal LD cycles, but this may be due to masking effects of light rather than an endogenous pacemaker. If the rhythms persist in the absence of external light cues (i.e., when animals are maintained in DD), they are likely to reflect circadian influences. Excitatory postsynaptic potentials (EPSPs): extracellular electrophysiological recordings of synaptic potentials, typically performed as field recordings (fEPSPs) either in brain slices or in vivo. Miniature EPSPs ('minis' or mEPSPs) are intracellular recordings of synaptic potentials under conditions where action potentials are blocked. The response to spontaneous release of neurotransmitter is then used to assess the strength of the synapse (e.g., an increase in the frequency or amplitude of mEPSPs). Hebbian and non-Hebbian plasticity: synaptic plasticity is considered either Hebbian or non-Hebbian. Hebbian plasticity is input specific and requires correlated activity in the presynaptic and postsynaptic neurons. By contrast, nonHebbian forms of synaptic plasticity involve upward or downward changes in all synapses in a neuron, or network of neurons, and do not require input specificity. One of the best-described forms of non-Hebbian plasticity is synaptic scaling, which produces proportionate increases or decreases in all synapses in response to overall decreases or increases in neuronal activity, respectively [104] . Monocular deprivation (MD): an experimental means of probing an endogenous, physiological form of cortical plasticity in vivo. MD is achieved by closing the eyelids of one eye or patching one eye. MD during a critical period of mammalian development triggers synaptic changes in the visual cortex that favor the seeing eye. This involves two changes in visual cortical circuits: synaptic weakening in the deprived-eye pathways and synaptic potentiation in the non-deprived-eye pathways. The latter plastic change occurs during sleep [13] . Rapid eye-movement (REM) and non-rapid eye movement (nonREM) sleep: birds and mammals have two distinct types of sleep. REM (or 'paradoxical') sleep is characterized by neuronal activity in many brain regions that resembles activity during wakefulness. It is also accompanied by phasic activity in the brainstem and visual circuits, atonia of skeletal muscle, and a steep reduction in monoamine neurotransmission. NonREM sleep is characterized by rhythmic, oscillatory firing in the thalamus, cortex, and hippocampus and an overall decrease in excitatory neuromodulator release. Both sleep states are thought to influence synaptic plasticity [3] . Subjective day and night: in animals maintained under constant conditions, the terms 'subjective day' and 'subjective night' refer to those segments of the free-running circadian cycle that correspond to the illuminated and nonilluminated portions of a LD cycle often comprising 12/12 h. These terms are also used for tissue explants studied in isolation from the whole organism.
